T he class I MHC-CD8
+ -T-cell immunosurveillance system constitutes a major component of the adaptive immune system in mammals and other jawed vertebrates. All cell types (except erythrocytes) constitutively express MHC class I molecules, which are comprised of a type I membraneanchored glycoprotein (heavy chain) noncovalently bound to β 2 -microglobulin (β 2 m) and a peptide typically of 8-11 residues. Peptides derive from proteins synthesized by cells, often from defective ribosomal products (DRiPs), which are a subset of nascent proteins that are rapidly shunted to proteasomes for degradation because of either stochastic errors in gene expression (transcription, translation, protein folding or assembly) or a deliberate process of translating standard and nonstandard mRNAs for the purpose of immunosurveillance (1) . Peptides are transported from the cytosol to the endoplasmic reticulum (ER) by an oligopeptide transporter (TAP) that also serves as a scaffold for the assembly of class I heavy chains with β 2 m (2). When a peptide binds with sufficient affinity, class I molecules release from TAP and are exported from the ER to the cell surface. Heavy chains are encoded by three genes (HLA-A, -B, and -C in humans) that are typically among the most polymorphic in their vertebrate species. Class I allomorphs differ in many properties, most prominently in their specificity for peptides, which is largely because of the interaction of two to three residues in the peptides with pockets in the class I binding groove. Consequently, individuals express a unique set of peptides on their cells depending on their class I genes (potentially six different allomorphs) and the peptides generated by the cells (3). In PNAS, Bassani-Sternberg et al. (4) report a nonintrusive method to mine patients' peptide repertoires for discovering cancer biomarkers and peptide targets for immunotherapy.
Cell surface class I molecules are recognized by CD8 + T cells, which express a clonally restricted receptor (TCR) that interacts in a highly specific manner with class I molecules bearing a limited set of peptides and triggers T-cell activation and secretion of potent molecules that can kill or reprogram target cells. Although it is generally considered that the class I-antigen processing system principally evolved to deal with viral infections, it clearly has other important functions, including odorant-based mate selection (5), tumor immunosurveillance (6), and tissue rejection. The latter two functions now seem to be intimately entwined with the discovery of tumors directly transmitted between animals (7, 8) . Indeed, transmissible tumors may represent a major evolutionary force shaping the class I immunosurveillance system. This would help explain the extraordinary ability of CD8 + T cells to detect tumor-specific peptides from gene products translated at extremely low levels by standard and, particularly, auxillary translation mechanisms (9, 10) .
Oligopeptides are extremely unstable in cells and extracellular fluids because of their lack of structure and the abundance of endoproteases and aminopeptidases (11) , and, typically, they are only preserved by their binding to class I molecules (12) . Bassani-Sternberg et al. (4) exploit this phenomenon to describe a method to characterize peptide repertoire bound to MHC class I molecules (the immunopeptidome) (13) present in plasma. In addition to being expressed on the plasma membrane, class I molecules are released (through membrane shedding or metalloprotease cleavage) (14) or actively secreted from cells (by generation of splice variants lacking the transmembrane domain) (15) and are present in human plasma, which was first reported in 1970 (16) . The number of soluble HLA class I molecules (sHLAs) in plasma is often increased by inflammation induced by infections and cancer (17) . Soluble class I molecules suppress the activities of CD8 + T cells and natural killer cells ex vivo (17, 18) , but the in vivo relevance of these intriguing findings remains to be firmly established.
Insightfully, Bassani-Sternberg et al. (4) recognize that the soluble immunopeptidome (i.e., peptides bound to plasma sHLA) represents a window into ongoing disease processes that potentially of- Fig. 1 . Mining the sHLA immunopeptidome. A small amount of blood is used for affinity purification of soluble MHC class I/peptide complexes. Peptides are isolated and separated from the associated heavy chains. Individual peptides are sequenced using tandem MS and in silico analysis. Sequences are mined to identify cancer biomarkers and immunotherapy targets. After appropriate biomarkers are identified, they can potentially be used for cancer diagnosis and monitoring. The technology can also be applied to other diseases, with obvious applications in infection and autoimmunity. (4) use a panconformational HLA class I mAb to isolate native class I molecules present in plasma. They acid release peptides from sHLA, remove high M r material by filtration, HPLC fractionate peptides, and characterize fractions by online tandem MS. Peptide sequences are assigned to mass spectra through automated computer software. Using this method, more than 10,000 sHLA-associated peptides can be identified from only 3-4 mL of blood.
How accurately do sHLAs recapitulate the peptide repertoire of membrane HLA class I molecules (mHLA)? Initial studies using sHLA showed a tight correlation between sHLA and mHLA peptide repertoires (19) ; however, these sHLA were isolated from cultured cells and not plasma. Extending these findings, BassaniSternberg et al. (4) compare peptides eluted from sHLA shed from multiple myeloma cells in vitro with those recovered from mHLA from the same cells, finding 40% of the sHLA peptides in the mHLA repertoire. Most importantly, in patients with advanced stages of cancer, more than 85% of plasma sHLA peptides were present in mHLA-derived peptides obtained from cells. The power of this method is limited if it only identifies abundant normal cellular peptides. The authors (4), however, detect cancer-related peptides in each patient tested, and several cancer-associated peptides are identified in several acute lymphoblastic leukemia and multiple myeloma patients examined.
For optimal use as biomarkers, plasma sHLA peptides should reflect peptides present in the tumor microenvironment. For lymphoblastic leukemia and multiple myeloma, peptides derived from bone marrow vs. plasma sHLA showed 90% overlap. Whether this applies to more common tumor types (e.g., carcinomas) remains to be established as does the ability to detect sHLA peptides from small tumors, a critical issue for diagnosis and monitoring residual tumor burdens after ablative therapy.
The authors (4) freely acknowledge that precious little is known about which peptides will be useful for diagnostic or therapeutic purposes. Given the complexity of the HLA system, with hundreds of different alleles that vary subtly to dramatically in peptide-binding specificity, hundreds to thousands of patients will need to be sampled to generate comprehensive class I allomorph-specific peptide signatures for different disease states. Illustrating this point, the authors (4) show that two individuals with the most divergent HLA genotype (i.e., no shared alleles) present little more than 10% of the same peptides. However, because the most prevalent HLA alleles occur in a large percentage of many populations, it should be possible to rapidly amass significant data for those alleles. Definition of a single allele's peptide repertoire per individual might suffice to provide useful biomarkers. sHLA peptide identification is tailored for analyzing cancer-related gene productderived peptides for tumors with enhanced sHLA release relative to normal cells. However, tumors often suppress antigen processing and presentation to escape immunosurveillance (20) . Even in these circumstances, however, sHLA-derived peptides could provide biomarkers in the form of normal peptides whose abundances are modulated by the disease process in question. Indeed, it would be of interest to characterize the sHLA immunopeptidome for novel biomarkers in other diseases (e.g., autoimmune diseases) and normal physiological conditions (aging, pregnancy, puberty, dietary changes, etc.) as a tool for understanding global changes in physiology. An extremely promising extension of the sHLA technology is its application to infectious diseases. Virtually nothing is known about pathogenderived peptides presented to CD8 + T cells in actual humans. sHLA provides a unique window to the in vivo pathogen immunopeptidome and also, a means for monitoring pathogen persistence.
Widespread clinical application of plasma sHLA screening will require more robust instrumentation to accelerate data acquisition. HPLC separation followed by MS/MS, while rapid compared with prior technology, is still labor intensive, technically challenging, and expensive. After these technical hurdles are surmounted (as they surely will be given the rapid advances in MS hardware and software), Bassani-Sternberg et al. (4) provide an exciting approach for targeting, screening, and monitoring cancer and other common human diseases.
